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In this work, first-principles calculations provide structural characterization of three low index
Mg surfaces — Mg(0001), Mg(101̄0) and Mg(112̄0) —, and their respective Surface Core Level
Shifts (SCLS). Inspired by the close similarities between Be and Mg surfaces, we also explore the
reconstruction of Mg(112̄0). Through the calculation of surface energies and the use of angular-
component decomposed DOS, we show that reconstructions are likely to occur at Mg(112̄0) surface,
similarly to what was found earlier for Be(112̄0). Indeed, the surface energy of some of the explored
reconstructions is slightly lower than that of the unreconstructed surface. In addition, because of
lattice symmetry, the morphology of the unreconstructed surface (112̄0) results in a step-like zig-
zag chain packing, with topmost chains supporting a resonant, quasi-1D, partially filled electronic
state. As the presence of partially filled quasi-1D bands is a necessary condition for Peierls-like
dimerization, we verify that the un-dimerized surface chain remains stable with respect to it. Some
of the reconstructions, namely the 2×1 and 3×1 Added Row (AR) reconstructions, induce a stronger
relaxation of the topmost chains, increasing the coupling with lower layers and thus significantly
damping the quasi-1D character of this state. The original approach followed offers a common and
general framework to identify quasi-1D bands — even in the case of resonant electronic surface
states — and to meaningfully compare calculated and measured SCLS even in the presence of
multi-component peak contributions.
I. INTRODUCTION
In the modern age of high-performance yet sustain-
able material design, magnesium-based metals shine in
both structural and functional applications. These in-
clude light-weight structural components in vehicles and
electronics, bio-resorbable implants in medicine, and hy-
drogen storage materials for energy [1, 2], to name a few.
The characteristics of magnesium enabling such appli-
cations are its low density (the lowest among structural
metals) and its high chemical reactivity. The latter of-
ten also represents the main limiting factor, causing un-
acceptably high degradation rates [3]. Mitigating this
is complicated, since degradation phenomena on mag-
nesium surfaces are still poorly understood, especially
at the atomic-scale level. The hexagonal close-packed
lattice of Mg usually causes strong crystallographic tex-
ture development during fabrication, which calls for an
in-depth investigation of low-index surface planes. Such
deep understanding requires a detailed model of the pris-
tine surface structure, including relaxations and recon-
structions, as both will determine the physico-chemical
properties of the surfaces.
Besides the aforementioned interest and related chal-
lenges in Mg applications, the fundamental study of Mg
has been closely related to anomalies found in Be. Com-
parative studies between low-index surfaces of the two el-
ements have found many similarities. Among others are,
(i) the expansion of the 0001 surface layer [4–9] (in con-
trast with the traditional simple theory of metals [10]),
(ii) the large multilayer relaxation, and (iii) the oscil-
latory thermal expansion of the (101̄0) surface [11–14].
However, after the work of Cho et al. [11] in 2000, where
Be(101̄0) only was found to exhibit Surface Core Level
Shift (SCLS) oscillations, Mg was relegated to the cat-
egory of simple metals, thus reinforcing the idea that
Be surface anomalies were to be ascribed to its semi-
metallicity. The fundamental interest in Mg surfaces was
not renewed until recently, despite Plummer et al. [13] re-
porting a remarkable oscillatory surface thermal expan-
sion in both Mg(101̄0) and Be(101̄0) in 2001.
In addition to the aforementioned peculiarities, Be is
the only simple metal known to reconstruct [15–17] in
standard conditions, although very recently the recon-
struction of a K surface under high tensile stress [18]
was reported. This peculiarity is usually attributed to
the atypical bonding nature of Be [19–21] that induces
a band structure with energy gaps in a large portion of
the Brillouin Zone near the Fermi energy, i.e. a band
structure more prototypical of a semi-metal.
In 2016, Li et al. [22] challenged the idea that Dirac
node lines are a peculiar feature of topological insula-
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tors, by predicting their presence at the (0001) surface
of Be and other alkali earth metals, including Mg. This
revived the discussion about the importance of atomic
arrangement over bonding nature.
In the present work, we use first-principles calcula-
tions to provide a full characterization of three low-
Miller-index Mg surfaces, from structure to Surface Core-
Level Shifts (SCLS), including possible reconstructions
inspired by the similarities between Be and Mg surfaces.
Our results predict that Mg(112̄0) surface may recon-
struct. Indeed, the surface energy of some of the explored
reconstructions is slightly lower than the unreconstructed
one. Because of the lattice symmetry, the morphology
of the unreconstructed surface results in a step-like zig-
zag chain packing, with the topmost chains supporting a
resonant, quasi-1D, partially filled electronic state. The
existence of a Peierls-like dimerization is ruled out by
our calculations, verifying that the un-dimerized surface
chain remains locally stable against it. On the other
hand, some of the predicted reconstructions, namely the
2×1 and 3×1 Added Row (AR) reconstructions, induce
a stronger relaxation of the topmost chains, increasing
the coupling with the lower layers and thus destroying
the quasi-1D character of the state. In addition, the ap-
proach followed provides a common and general frame-
work to identify partially filled quasi-1D bands, even in
the case of resonant surface states. We develop an origi-
nal methodology to compute depth-weighted SCLS, al-
lowing a meaningful comparison with measured SCLS
when the surface exhibits multi-component peak contri-
butions, as is the case for the predicted reconstructions.
II. COMPUTATIONAL APPROACH
The calculations presented in this work are based on
Density Functional Theory (DFT) as implemented in
the Quantum ESPRESSO distribution [23]. We adopt
the Perdew-Burke-Ernzerhof (PBE) exchange-correlation
functional [24] and ultrasoft pseudopotentials as provided
in the PSlibrary [25] collection, namely the Mg.pbe-nl-
rrkjus.UPF dataset. Wavefunctions and densities are
expanded in a basis of plane waves up to a kinetic en-
ergy cutoff of 58 Ry and 358 Ry, respectively. Slabs of
11, 20 and 15 layers are used to model the Mg(0001),
Mg(101̄0) and Mg(112̄0) surfaces, respectively, resulting
in similar thicknesses. For the calculation of SCLS, a
core-excited pseudo-potential was generated introducing
a hole in the Mg 2p core state, assuming the same cutoff
radii, projectors and hardness as the original Mg.pbe-
nl-rrkjus.UPF. Atomic tests on the transferability and
robustness of the generated pseudo-potential give an all-
electron vs pseudo-potential error of less than 10 meV
for excited atomic configurations up to 5 eV. In order
to minimize interactions between periodic replicas in the
Final-State SCLS calculations we used 3×3, 3×2 and 4×4
surface supercells for Mg(0001), Mg(101̄0) and Mg(112̄0),
respectively. With this choice, all cells have a compara-
a (Å) c/a
this work (PBE) 3.19 1.62
Ref. [27] (LDA) 3.12 1.62
Ref. [11] (LDA) 3.13 1.62
Ref. [28] (LDA) 3.11 1.62
Ref. [29] (LDA) 3.13 1.62
Ref. [29] (PBE) 3.20 1.62
Exp. [26] 3.21 1.62
TABLE I. Theoretical bulk equilibrium lattice parameters
compared with literature values. For the cited theoretical
references the exchange-correlation functional used (LDA or
PBE) is specified. The experimental value (Ref. [26]) corre-
sponds to the equilibrium lattice parameter of Mg measured
at ambient temperature.
ble surface area of aspect ratio close to unity. Accord-
ingly, the Brillouin zone (BZ) was sampled with an equiv-
alent Monkhorst-Pack k-point mesh of 8×8 for the peri-
odic directions. Benchmark calculations on selected sur-
face models have also been performed within the Local
Density Approximation (LDA), see Supplementary Infor-
mation. LDA pseudopotentials were generated with the
same cutoff radii, projectors and hardness as Mg.pbe-nl-
rrkjus.UPF, and displayed equivalent transferability and
robustness.
III. SURFACE STRUCTURE AND SURFACE
ENERGY
Magnesium crystallizes in the hexagonal close-packed
(hcp) structure with lattice parameters a =320.9 pm,
c =521.0 pm and c/a =1.62 [26]. The three surfaces
under investigation, Mg(0001), Mg(101̄0) and Mg(112̄0),
are shown in Figure 1 (top and side views) together with
the corresponding cutting plane in the unit cell of the re-
spective HCP crystal. Table I reports the calculated val-
ues of the bulk equilibrium lattice parameters, obtained
after a full relaxation using the computational approach
described in the previous section.
(0001) (101̄0) (112̄0)
d12 2.63 (+1.2%) 0.73 (-19.2%) 1.47 (-7.2%)
d23 2.60 (+0.2%) 2.01 (+8.0%) 1.65 (+4.5%)
d34 2.59 (-0.1%) 0.81 (-10.7%) 1.58 (-0.4%)
d45 2.59 (-0.2%) 1.94 (+4.4%) 1.59 (+0.4%)
TABLE II. Interlayer distances, d and deviation in % with
respect to the equivalent ideal bulk distance for Mg(0001),
Mg(101̄0) and Mg(112̄0). dij denotes the distance between
the ith and jth layer. Layer 1 is the topmost layer.
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FIG. 1. Planes in the HCP crystal, side and top view of the
three different Mg crystal surfaces.
In agreement with previous experimental and compu-
tational works [27–32], and similarly to Be(0001), the cal-
culated distance between the topmost and second surface
layer in Mg(0001) is larger than the bulk value, whereas
variations of deeper interlayer distances are negligible,
see Table II. The clear distinction between the topmost
layer and deeper layers makes the identification of “sur-
face atoms” and “bulk atoms” unambiguous in Mg(0001).
The Mg(101̄0) surface behaves quite differently, as can be
seen from Table II. Two typical interlayer distances ex-
ist, a short one and a long one, resulting in the stacking
of bi-layers. Compared to bulk values, the calculated
first (short) interlayer distance is shorter while the sec-
ond one is longer, resulting in an overall shrinking of
the bi-layer together with an overall increase of the bi-
layer-to-bi-layer distance. The most interesting differ-
ence between Mg(0001) and Mg(101̄0) comes from the
oscillations in the interlayer distances, already reported
in Refs. [11, 12, 28, 32] and confirmed here (see also Table
1 from the Supplementary Information). The Mg(112̄0)
surface presents one characteristic interlayer distance.
Because of the lattice symmetry, the morphology of the
surface results in a step-like zig-zag chain packing. The
overall relaxation effect, see Table II, is a shrinking of
the first interlayer separation together with an increase
of the second one (see also Ref. [28]). However, contrary
to Mg(101̄0) but similarly to Mg(0001), the oscillations
of the interlayer distances are negligible after the second
layer.
Considering the reconstruction patterns explored by
Stumpf et al. [21] for Be(112̄0), we have explored 2×1 and
3×1 Added Row (AR) and Missing Row (MR) surfaces,
as well as 4×1 MR reconstructions for Mg(112̄0). All re-
sults are summarised in Table III. The un-relaxed surface
morphology with an Added/Missing Row appears as a se-
ries of Mg atomic chains along the [001] direction lying
on an ideal Mg(112̄0) substrate (see for instance Figure 2,
comparing the unreconstructed surface with the 3×1 AR
reconstruction). The reconstructed surfaces exhibit a pe-
riodic corrugation. The symmetry reduction along the
[010] direction makes the atomic relaxation along this
direction slightly different depending on the lateral dis-
tance from the topmost atomic chains. This is more evi-
dent at the first layer atoms of the “substrate” and those
of the second layer immediately underneath the chain.
Two effects are competing: one is the expected inwards
relaxation of interlayer distances for atoms that have a
reduced number of neighbours along the direction per-
pendicular to the surface; the second is related to Friedel
oscillations that induce inward or outward relaxations. In
general, the oscillatory behaviour of interlayer distances
is more pronounced than in the unreconstructed case.
Interestingly, in the 2×1 and 3×1 AR structures the ad-
ditional chain sits at an interlayer distance significantly
shorter than in the unreconstructed case or in the other
explored reconstructions. As a consequence, the coupling
2X1 3X1 AR 3X1 MR 4X1 MR
d12 1.39 (-11.9%) 1.39 (-11.9%) 1.45 (-8.5%) 1.47 (-7.2%)
d23 1.70 (+7.7%) 1.70 (+7.7%) 1.65 (+3.8%) 1.65 (+3.8%)
d34 1.53 (-2.9%) 1.53 (-2.9%) 1.58 (-0.2%) 1.58 (-0.1%)
d45 1.60 (+1.0%) 1.61 (+1.0%) 1.57 (-1.1%) 1.59 (-0.01%)
TABLE III. Interlayer distances, d and deviation in % with
respect to the equivalent ideal bulk distance for Mg(0001),
Mg(101̄0) and Mg(112̄0) (the deviation with respect to bulk
distances are calculated with full accuracy (double precision),
variations between the reported % and distances are due to
rounding errors). dij denotes the distance between the i
th
and jth layer. The topmost chain(s) has index 1. The atomic
configuration for 2×1 symmetry is identical for MR or AR.
between the topmost chain and the underlying layers is
expected to be stronger for the 2×1 and 3×1 AR recon-
structions than for all other surface morphologies, and
this has consequences for the surface electronic structure
(see later).
Our calculated surface energies are reported in Ta-
ble IV, together with some results from literature. In
Ref. [28] the surface energy of Mg(0001) was found to be
significantly lower than for the other two surfaces (see
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FIG. 2. Structure of the unreconstructed (a) and 3×1 AR reconstructed (b) Mg(112̄0) surface. Topmost Mg chains are
highlighted in red.
also Ref. [27, 30, 31, 33] for other LDA values), and our
calculations confirm this trend. The Authors of Ref. [28]
speculated about the possible stabilization of Mg(101̄0)
and Mg(112̄0) surfaces through reconstruction and/or de-
fect formation driven by surface stress. Indeed, accord-
ing to Payne et al. [34], both surfaces exhibit a value
for one of the surface-stress components (multiplied by
the surface area per atom) larger than the bulk cohesive
energy, satisfying a proposed criterion for structural in-
stability. However, as reconstruction was not observed
in Mg(101̄0) [11], the authors concluded, for both (101̄0)
and (112̄0) surfaces, that the stabilization should arise
from the presence of defects. From our calculations, how-
ever, the presence of reconstructions at Mg(112̄0) can not
be ruled out as some of the reconstructed surfaces exhibit
a surface energy slightly lower than the unreconstructed
surface, with quasi-degenerate values. This result is ro-
bust with respect to the choice of the exchange and cor-
relation functional (see Table 3 from the Supplementary
Information). Surfaces with a high concentration of iso-
lated adatoms/vacancies have clearly higher surface en-
ergies. The behaviour of Mg(112̄0) surfaces with respect
to reconstructions is very similar to what was found for
the Be(112̄0) surface [15, 16] which is known to display
a 3×1 reconstruction.
IV. ELECTRONIC STRUCTURE
The origin of the reconstruction in the (112̄0) surface
can be traced back to the high surface energy of the unre-
constructed surface. On the sole basis of the surface en-
ergy, we can predict that 2×1 and/or 3×1 AR reconstruc-
tions may occur. A closer analysis of the surfaces elec-
tronic structure and, in particular, of the atom-projected
density of states (DOS) provides some additional argu-
ments in favour of the aforementioned reconstructions.
The total DOS of the three surface slabs exhibits the ex-
pected
√
E behaviour typical of a 3D nearly-free electron
metal. The surface-atom projected DOS would be ex-
pected to exhibit a similar behaviour, possibly turning
toward a flat dependence typical of 2D nearly-free elec-
trons. Indeed, this is what we observe for all three sur-
faces, for the angular-projected components s, 2pz and
2py that are co-planar with the surface planes. Sur-
prisingly, only the 2py-projected DOS (see Fig. 3a)) of
(0001) (101̄0) (112̄0)
t.w. 30 38 45
Ref. [28] 40 44 53
Ref. [29] 35 - -
Reconstructed (112̄0)
2×1 3×1 AR 3×1 MR 4×1 MR
44 44 45 47
Add/Missing Atom at (112̄0)
3×1 MA 4×1 MA 2×1 AA 3×1 AA
48 47 49 48
TABLE IV. Calculated surface energy (meV/Å2) for the three
unreconstructed surfaces (001,100 and 110) and for the Miss-
ing Row (MR) or Added Row (AR) reconstructions with dif-
ferent symmetry on Mg(112̄0). The atomic configuration for
2×1 symmetry is identical for MR or AR. To compare with
previous ideas [28] that the Mg(112̄0) might be stabilized by
the presence of point defects, the 3×1 and 4×1 Missing Atom
(MA) and 2×1 and 3×1 Added Atom (AA) surface energies
are also reported.”t.w.” is used to indicate the results ob-
tained in this work.
the unreconstructed Mg(112̄0) surface strongly deviates
from a
√
E or constant behaviour with a series of peaks
around 1 eV below (and slightly above) the Fermi en-
ergy. These peaks are reminiscent of the energy levels
of free electrons confined in a finite cylindrical potential
well see Ref. [35]), with energy values depending on a
principal quantum number, n = 1, 2, ..., and an angu-
lar (cylindrical) quantum number, m = 0, 1, 2, .... In the
limit of an infinitely deep potential well, these tend to
the nth zeros (z
(n)
m ) of the Jm Bessel function. The fi-
nite depth of the well shrinks the peaks to lower energies
(see dot-dashed vertical red lines in Figure 3). Identi-
cal features have been observed in nano-wires (see Fig. 3
of Ref. [36]). Top layer Mg atoms in the ideally ter-
minated Mg(112̄0) surface form zig-zag chains along the
[001] crystallographic direction, that supports a partially
filled, quasi-1D, surface-localized band originating from
the overlap of Mg 2px orbitals. The resonant charac-
ter of this band makes it difficult to precisely quantify
its dispersive character in the k-resolved surface band-
structures (k-resolved pDOS), while its signature is easily
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observed in the angular-component decomposed pDOSs,
see in Fig. 3.
As the presence of a partially filled quasi-1D band is
a necessary condition for the existence of a Peierls-type
dimerization, we performed calculations doubling the cell
dimension along the zig-zag chains (along z) and forcing
a starting configuration with Mg-Mg bond alternation.
Surprisingly, the dimerized surface was found to be un-
stable, and to relax back to the ideal un-dimerized case.
Therefore, our calculations rule out the Peierls mecha-
nism as possible driving force for the reconstruction.
FIG. 3. Total p-DOS (black-dashed line), py projection at
1st layer atom of the unreconstructed Mg(112̄0) surface (red-
continuous line), and k-resolved py density of states. Vertical
dashed lines indicate the first nine quantized energy levels for
3D electrons in a cylindrical potential well with finite (red dot-
dashed lines) and infinite (blue dashed lines) depth. For the
finite depth case, a ν = 10 value has been used, see Equation
3 of Ref. [35].
Among the investigated reconstructions, the peak
structure in the p-DOS disappears for the 2×1 and 3×1
AR reconstructions, while the peaks are still present in
the orbital-resolved 2py component of the 3×1 and 4×1
MR reconstructions. As previously mentioned, the in-
ward relaxation of the topmost chains in the 2×1 and 3×1
AR is significantly larger than that in the other explored
reconstructions, see Table III. This strengthens the cou-
pling between the chain and the ”substrate” layers, thus
reducing the quasi-1D character of the electronic struc-
ture associated to the chain, and consequently reducing
the high surface metallicity originated from the quasi-1D
state.
Considering both the predicted slightly favourable sur-
face energies and the increased coupling of the surface
chain with the substrate, we predict that the most prob-
able candidates for the reconstruction of Mg(112̄0) are
the 2×1 and/or 3×1 AR. This is similar to the case of
Be(112̄0), that has been reported to reconstructs with a
3×1 symmetry [15], most probably by the AR mecha-
nism [21].
V. SURFACE CORE LEVEL SHIFTS
Core-level spectroscopy is an element-specific,
environment-sensitive probe of a material. As such,
it has been extensively employed in surface science
investigations [16, 37] and used to address even subtle
structural properties when sufficient resolution can be
attained [13]. We report here our theoretically predicted
surface core-level shifts for the Mg surfaces investi-
gated, comparing with the few available experimental
results. First of all, in agreement with previous works on
Layers (0001) (101̄0) (112̄0)
12 +130 +110 +170
23 +0 +50 +10
34 -10 -20 -0
45 -10 +50 +10
XPS ∆B−S [38] 140 - -
TABLE V. Individual-layer calculated SCLSs (meV) for
Mg(0001), Mg(101̄0) and unrecsontructed Mg(112̄0). The nu-
merical error is estimated to be of the order of 10 meV and
accounts for the overall convergence parameters and the ro-
bustness of the ad-hoc generated core-hole pseudo-potential.
ij denotes the ith and jth layer with 1 being the topmost
layer. XPS ∆B−S is an experimentally determined SCLS,
with ∆B−S being the energy difference at peak maximum be-
tween the fitted Bulk (B) and Surface (S) component.
(Mg(0001) [32, 38], Mg(101̄0) [12]), the calculated SCLSs
for the top to second layer in all three unreconstructed
surfaces are positive and well separated from the others
shifts (see Table V). Calculated SCLS for the Mg(0001)
are in very good agreement with the measured value of
140 meV in Ref. [38] and converge very fast to the bulk
value. To the best of our knowledge, experimental values
for surface core-level shifts for the other two surfaces
have not been reported in the literature yet.
It is worth noting that, contrary to what reports
Ref. [12], our calculations display SCLS oscillations
for Mg(101̄0) surface, which is similar to that for
the Be(101̄0) surface, regardless of the flavour of the
exchange-correlation functional used (see Table 2 from
the Supplementary Information). As a consequence of
the distinct multi-component contributions of the SCLS
in Mg(101̄0), reported in Table V, the assignment of the
position of the “Bulk” peak in experimental XPS spec-
tra might not be straightforward, especially if the ex-
perimental resolution is limited. As such, a meaningful
comparison between theoretical and experimental SCLS
will depend on the penetration depth of the XPS probe
and the overall resolution of the experimental set-up.
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In the case of the unreconstructed (112̄0), similarly to
the (0001) surface, a well defined surface peak is pre-
dicted with a quite large shift of 170 meV with respect
to the second layer and very little depth dependence.
2×1
Layers a b c
1 +130 - -
2 +38 +147 -
3 -17 +2 -
4 -18 +0 -
3×1 AR
1 +150 - -
2 +60 +160 +190
3 +10 +10 +50
4 +10 +10 +20
TABLE VI. Individual-layer calculated SCLSs (meV) for re-
constructed 2×1 and 3×1 AR Mg(112̄0) taking as reference
the total energy of a deep Mg atom with a hole in the core.
The numerical error is estimated to be of the order of 10
meV and accounts for the overall convergence parameters
and the robustness of the ad-hoc generated core-hole pseudo-
potential. i denotes the ith layer along the (100) direction
and a, b or c refers to site positions along (010), with 1a be-
ing the atoms from the topmost layer (the top most chain),
see Figure 2. Because of symmetry ’c’ sites are equivalent to
’b’ sites in 2X1.
In the case of the predicted AR reconstructed (112̄0)
surface models, the situation is more complex, since a
number of different values for the SCLS are computed in
the first few layers as a function of the relative position of
the near-surface atom with respect to the added row. In
Table VI the calculated core-level shift of near-surface
atoms with respect to a bulk reference atom, located
close to the center of the surface slab, are collected (see
Fig. 2b for the labelling of the different surface atoms).
Two broad regions can be distinguished: on one end a
number of contributions are below 50-60 meV from the
reference bulk atoms; unless very high resolution spec-
tra can be acquired, these are likely to contribute to
the “Bulk” peak, with different weights depending on
the penetration depth of the impinging light and escape
length of the outgoing electrons. On the other end con-
tributions in the 130-190 meV range will determine a
multi-component “Surface” peak. Similarly to Mg(101̄0)
surface, the value of the “S-B” core-level shift to be ob-
served in an XPS experiment on Mg(112̄0) is difficult
to predict as it will critically depend on the penetration
depth and the experimental resolution. We can how-
ever give a rough estimate of this difference that might
help to discriminate between reconstructed and unrecon-
structed surfaces. We first impose a Gaussian broadening
to each individual-layer SCLS; we then choose a pene-
tration depth value between 3Å and 5Å : each Gaussian
is multiplied by an exponential decay, e−d1n/δp , with d1n
being the distance between the nth layer and the topmost
layer and δp being the penetration depth. The Gaussian
returns the value of 1 when the topmost layer contributes
with a single-component SCLS. We then calculate the
core-level energy difference between “S” and “B” peaks
(∆S−B) from the difference between peak maxima, see
Figure 4. ∆S−B are dependent of the penetration depth
only in the case of multi-component contributions. Cal-
culated ∆S−B for the unreconstructed surfaces are 130,
120 and 170 meV for Mg(0001), Mg(101̄0) and Mg(112̄0),
respectively. The calculated ∆S−B for the 2×1 and 3×1
AR reconstructions are between 120-130 meV and 140-
150 meV, depending on the chosen penetration depth.
In spite of the uncertainty originating from the penetra-
tion depth definition, the difference between the resulting
∆S−B for the reconstructed and the unreconstructed sur-
face is significant; no less than 20-30 meV. Moreover, as
the ”Surface” peak of the reconstructed (112̄0) is multi-
component, contrary to the corresponding peak of (0001)
and (101̄0) surfaces, it exhibits an intrinsic broadening.
In a high resolution XPS experiment it would be pos-
sible to determine whether the Mg(112̄0) surface is re-
constructed or not from the position and the apparent
broadening of the surface peak.
VI. CONCLUSIONS
We have studied by first-principles calculations the
structural and the SCLS properties of three low index
surfaces of Magnesium. We found SCLS oscillations at
Mg(101̄0) surface analogous to the ones previously re-
ported for Be(101̄0) and more favourable surface energies
for reconstructed Mg(112̄0) surfaces, again similar to the
behaviour previously reported for Belyllium. Moreover,
from angular-component decomposed DOS (PDOS), we
found that the unreconstructed Mg(112̄0) surface is elec-
tronically unstable. The use of pDOSes provides a simple
indicator of the quasi-1D character of the surface state
even when the involved band is only a resonance. This
kind of representation can, therefore, be used to theoret-
ically predict the existence of such instabilities that may
drive to reconstructions and/or Charge Density Wave
phases. Due to their lower surface energy and the lift-
ing of the electronic instability, the 2×1 and the 3×1
AR reconstructions (or a mixture of the two) are good
candidates for Mg(112̄0) surface morphology, similarly to
Be(112̄0) that reconstructs with a 3×1 periodicity. Our
results show the strong similarities between Be and Mg
surfaces and highlight the role of the lattice and the un-
derlying atomic arrangements over peculiar bonding fea-
tures.
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FIG. 4. Depth-weighted SCLSs for Mg(0001), Mg(101̄0) and
for 2X1 and 3X1 AR reconstructions at Mg(11-20), red solid
lines, and for the un-reconstructed Mg(112̄0), black dotted
lines, for a penetration depth of 5 Å. For the reconstructed
surfaces, depth-weighted SCLS at a penetration depth of 3
Å are also shown (red dash-dotted lines).The energies have
been aligned to the surface peak maxima (S) of the (0001)
surface. Red squares mark the position of individual layer
SCLS. Their respective height corresponds to the intensity of
the exponential decay, e−d1n/δp , with d1n being the distance
between the nth layer and the topmost layer, and δp being
the penetration depth. The Gaussians have a broadening of
50 meV.
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